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of tge or iginal  study and issuance of the  f i n d  report .  This repor t  
describes the  supplemental hydraulic model studies.  Operation of the 
modified s t i l l i n g  basin and t a i l r ace  was very s imilar  t o  operation of 

t h e  or iginal  reconrmended design described i n  Report No. Hyd-557. Rock 
movement and r iprap s t z b i l i t y  t e s t s  yielded r e s u l t s  s imilar  t o  the 
or ig ina l  study. Pressure d i s t r ibu t ion  on the weir was very s imilar  
but the d i s t r ibu t ion  on the s t i l l i n g  basin f loor  was d i f fe ren t  from 
the or ig ina l  study. However, the maximum observedpressures were not 
much larger than those recorded previously. Pressure f luctuat ion 
frequency analyses were a l so  made which were not included i n  the 

''. or ig ina l  study. Approximate ra t ing  curves for  the spillway fixed- 
wheel gates were derived from model data. $ 
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of ~ e ~ o i t  No. Hyd-557, "Hydraulic Model Studies of Morrow Point Dam 
Spillway, Outlet Works, and Powerplant Tailrace."l/ The primary 
purpose of the supplemental tests was to investigate a slightly 
modified stilling basin shape based on an updated location of sound 
rock determined during excavation of the prototype stilling basin. 

RESULTS 

1. The modified stilling basin and tailrace performed satisfactor- 
ily. Operation was very similar to that observed for the recommended 
design described in Report No. Hyd-557. Waves inundated the bulk- 
head gate deck and visitor area during spillway discharges above 

- - 
about 26,000 cfs. This was also true for the earlier recommended - 

design. 

2. Gravel which was hand placed in the stilling basin prior to 
operation was moved to the downstream portion of the basin near the 
upstream face of the weir during operation at maximum or one-half 
maximum design discharge. Some rock was swept out of the basin and 
deposited in the downstream channel, but no rock was found in the 
tailrace channels. Similar observations were reported in Report 
No. Hyd-557, with the exception that some material was deposited in 
the right tailrace channel in the earlier tests. 

3. Only the left upstream corner of the riprap bed downstream from 
,the w>zLr was disturbed after 3 hours' model operation at a spillway 
"discharge representing 34,400 cfs. During an 8-hour run at 
34,400 cfs, one stone was deposited in the right tailrace channel. 

4. No large waves overtopped the riprapped bank on the right side 
of the downstream channel at maximum discharge. Some waves splashed 
over the top of the riprap at elevation 6790. 

5. Dynamic pressures on the stilling basin floor were distributed 
differently than those recorded for the earlier recomended design. 
However, maximum impact pressures were not much higher than those 
previously observed. Pressures on the upstream face of the weir 
were similar to those reported in Report No. Hyd-557. 

6 .  An analysis of the frequency spectrum of the pressure fluctua- 
tions on the stilling basin floor showed that the "random" 



fluctuations consisted of a combination of periodic fluctuations 
with frequencies between 0 and 8 cps (0 to 60 cps in the model). 
Significant amplitudes occurred at less than 1 cps. Analysis of 
pressures on the weir face was not possible because of dynamic 
response in the lead lines between the piezometer opening and the 
pressure transducer. 

7. Approxir~te discharge curves for the spillway fixed-rheel gates 
were derived from model data. Dissimilaritiw between the model 
and prototype gates for the inside conduits required adjustments 
to the data. 

APPLICATIONS 

The results of these tests are generally applicable only to spill- 
ways similar to the Morrow Point spillway. Results of analyses of 
stilling basin pressure fluctuations are of a research nature and 
should be of interest to designers of hydraulic structures. 

INTRODUCTION 

The original model studies were completed in June 1965. However, 
the model was retained so that any unforeseen design changes or 
difficulties that arose during construction of the prototype struc- 
ture could be imnediately investigated. Excavation of the stilling 
basin area in the fall of 1966 showed the location of sound rock 
was different from that previously assumed. The basin was redesigned 
and the model was modified accordingly. Other design details, 
including the visitor area and the embankment over the cut-and- 
cover section of the diversion tunnel, were finalized by this time; 
therefore, they were also included in the model. Also, recently 
acquired instrumentation was used to more closely examine the 
fluctuations in pressure occurring on the basin floor. 

INVESTIGATION 

the tailrace channels was lowered approximately 



concrete-&all or iginal ly  developed t o  prbtect  the v i s i t o r  area. 
- 

Operation a t  spillway discharges of 34.400 cfs  (maximum design) 
and 25,800 c f s  (three-fourths m a x b  design), Figure 2, was only 
s l i gh t ly  improved over operation with the original  reconmended 
design. The v i s i t o r  area  continued t o  be inundated by waves a t  
spillway discharges above 26,000 cfs.  

The concrete wall on the l e f t  s ide  of the weir was raised 5 fee t  
and the surface of the excavated rock between the t a i l r ace  channels 
was raised t o  the or iginal  posit ion shown i n  Figure lA t o  provide 
addit ional protection for  the  bulkhead gate deck and v i s i t o r  area. 
The higher rock surface provided some protection for  the v i s i t o r  
area but the gate deck continued t o  be flooded. With the or iginal  
rock surface and the higher wall on the l e f t  s ide  of the weir, the 
submergence over the gate deck was s l i gh t ly  reduced, Figure 3A, but 
waves continued t o  move in to  the v i s i t o r  area. Figure 3B shows 
operation with both the wall and topography raised. Even though some 
improvement was noted it was decided tha t ,  i n  l igh t  of the very low 
frequency of spillway discharges above 26,000 c f s  and the high cost  
of the modifications, the design a s  shown i n  Figure 1 B  would be 
retained. 

Movement of Rock i n  the S t i l l i n g  Basin 

Tests reported i n  Report No. Hyd-557 showed tha t  during spillway 
operation rock material which f a l l s  in to  the s t i l l i n g  basin w i l l  
c i rcu la te  between the j e t  impingement area and the weir and t o  a 
lesser  extent immediately upstream from the j e t  impingement area. 
Tests on the modified recomnded d e s i p  resulted i n  the same con- 
clusion. Figure 4 shows the posit ion of gravel a f t e r  several hours 
of on-off operation a t  spillway discharges varying-from 17,200 t o  
34,400 cfs.  The gravel had been hand placed along the floor pr ior  
t o  operation. Most of the raaterial was swept t o  the downstream end 
of the basin near the weir; several  fragments were swept out of the 
basin and deposited i n  the center of the main channel. No gravel was 
found i n  the t a i l r ace  channels. 

Riprap S tab i l i tv  

Because the shape of the riprap bed downstream from the weir was 
changed, Figure l B ,  addit ional r iprap s t a b i l i t y  t e s t s  were required. 
The model was operated for  3 hours with a spillway discharge of 
34,400 cfs.  Only the l e f t  upstream corner of the bed war disturbed 
(the corner near the r igh t  t a i l r ace  channel). After 5 hours of 
operation a t  a spillway discharge of 8,600 cfs ,  no apparent dis- 
turbance of the bed was noted. These t e s t s  indicated that  the r iprap 



deposited in the right-tailrace channel. 

r -7 

Wave Test - 

Also, the distribution was for isolated maximum pressures which 
ccurred only once during a recording of.severa1 seconds. A 
ecording during a different time interval would show different 
ximum pressures. This was especially true on the stilling basin 
oor where very large pressure fluctuations occurred. 

4 

A portion of the length of the cut-and-cover section over the 
diversion tunnel was simulated to determine the riprapped berm 
height required to prevent overtopping by waves. Figure 5 shows 
a wave near its highest position on the slope with a spillway dis- 
charge of 34,400 cfs. The top of the slope was at elevation 6790. 
Some splashing occurred over the berm but no large waves moved 
across the top of the slope. 

Pressure Measurements 

Six piezometers were installed in the floor of the stilling basin. 
Dynamic pressures were recorded at these piezometers and at six 
existing piezometers on the upstream face of the weir for spillway 
discharges of 25,800 and 34,400 cfs. The maximum pressures are 
compared with those recorded for the earlier recmended configur- 
ation in Figure 6 .  The pressure distribution on the weir was 
similar to that recorded earlier; however, the pressure distribution 
on the floor of the stilling basin was quite dissimilar. Part of 
the dissimilarity was due to the change in basin shape. 

Figure 7 compares typical cross sections of the original and modified 
designs. The sections are near the downstream pair of piezometers 
in Figure 6. On the left side of the basin the slopes are very similar 
and the modified basin is only about 6 feet deeper than the original 
basin at the location of the piezometer. The right side of the 
modified basin is about 3 feet deeper and has a flatter slope than 
the original basin. 

Assuming that the additional depth has little added cushioning effect, 
the flatter slope on the right side would explain the higher pressure 
at the point of'ijet impact. However, this is not an adequate explana- 
tion for the left side where the impact pressure is more than twice 
that measured in the original basin with nearly identical slope and 
depth, 

The modified basin shows a symmetry of pressures which was lacking 
in the original basin. This indicates that the pressure distribution 
may depend on the general shape'of the basin as well as the slope 
and depth at particular points. 



he earlier study> electronic frequency analysis ''. 

: equipment was purchased for the purpose of determining the frequency ,. , 
spectrum sf pressure fluctuations in models and prototypes of 
hydraulic structures. This equipment was used to analyze thepressure 

. . 
fluctuationsat a piezometer on the stilling basin floor of the 
original recommended design. The piezometer location is shown in 
Figure 8A and the frequency analysis equipment is shown in Figure 8B. 
The signal-from the pressure transducer was amplified by a direct 

.~ . ~ .  
writing oscillograph, then analyzed by either the spectrum analyzer 
or 'the accompanying spectral density analyzer. The spectrum analyzer 
determines the amplitude-frequency relationship over a frequency 
range of approximately 112 to 2,000 cps. The spectral density 
analyzer determines the average or peak value of the voltage (corre- 
sponding to pressure magnitucie) or power at a given frequency, or 
the integral of the voltage or power over a frequency interval. 
Reference21 gives a detailed explanation of the theory of the 
frequency analyses and the significance of the results. 

i (an cos n% t + dn .sin nwl t) 

n = l  

re. w l  . = m k n t a l  anguLar frequency .., in rexlians/sec 
. . 

,.=' 21f1. (f = hidmeht&l  frequency in cps) 

The Morrow Point pressure fluctilations were analyzed to determine 11 

the coefficients of a Fourier series, and the integral 

, 

2 (amplitude) dt was obtained to determine the root-mean-square st2 5 

(RMS) of the amplitude in various frequency bands. - -. 
Figure 9A shows the oscillograph record of pressure fluctuations 
for a spillway discharge of 34,400 cfs. This record demonstrates 
the complexity and apparent randomness of the signal. The compon- 
ents of amplitudes and frequencies cannot be separated. 

The frequency range 0-50 cps was examined over a scan period of 
2 hours. The analysis showed that all frequencies present were 
less than SO cps. Figure 9B shows the results of the two analyses. 
Amplitudes in the upper trace of Figure 9B correspond to coefficients 
in the Fourier series: 



d which the pressures fluctuate.  
sure or  force is used i n  calcu- 

l a t i ng  work done on the structure.  This e f fec t ive  value is the RMS 
value, calculats? by: 

t 

This indicates tha t  the dynamic contribution t o  the e f fec t ive  
pressure head is negligible and tha t  vibrat ion is not an important 
problem. However, these d i sc re te  signals,  when combined, r e s u l t  
i n  superposi t ionof  the garious peaks and accompanying growth o r  
reduction of the  peak sizes.  Also, larger amplitudes with frequen- 
c i e s  below the lower l i m i t  of the analyzer a r e  present. Isolated 
peaks of much larger  amplitudes than indicated by the frequency 
analysis a r e  therefore generated. The la rges t  recorded values of 
these maximumeaks a re  shown i n  Figure 6.  

'2 

It would be improper t o  use these maximum v a l u e s t o  determine 

e bead-diicharge relationships for  the fixed-wheel gates were 
t ing c r i t e r i a .  Although the 

,. .. 



model and prototype gate leaves were not ident ical ,  the gates were 
considered suf f ic ien t ly  similar t o  estimate the prototype ra t ing  
curves from cal ibrat ion of the model gates;: 

Table 1 lists the data used i n  developingXhe ra t ing  curves. The 
data for  the outside gates a r e  a s  obtained from the model. The 
data for  the i n s idega te s  have been adjusted for  the gate angle. 
The model inside gates were mounted perpendicular t o  the direct ion 
of the flow, whereas i n  the prototype they a r e  ve r t i ca l  (27' from 

A t  large gate openings, control  by the gate was not maintained and 
the discharge increased due toreduced pressure i n  the conduits. 
The data i n  Table 2 were taken t o  more accurately define the dis-  
charge capacity of the inside and outside conduits for  gate openings 

o f  14 f e e t  and larger. 

The data i n  Tables 1 and 2 were used i n  preparation of the f i na l  
r a t i ng  curves, Figiires 10 and 11. The curves for  gate control  a r e  
terminated a t  elevation 7160 because the operating c r i t e r i a  c a l l  
f o r  the  gates t o  be f u l l y  open when the reservoir  is above tha t  
elevation. 





Table 1 

RATING DATA FOR FIXED--EL GATES 

Outside  ate Inside gate 
Gate 

*Measured vertically from gate seat.  Discharges corrected for 

*Free discharge. 



Table 2 

BATING DATA FOR FIXED-WHEEL GATES AT 
LARGE GATE OPENINGS 

Outside gate Inside gate 
Gate 

opening, Reservoir- Discharge, 
fee t  elevation cfs feet  elevation 

(100%) 7150.1 

16.8 7151.7 

*No correction for gate angleapplied. Value of correction would 
besmall  and uncertain. 
**Free discharge. 



A. Original recommended design. (From Report 
H,yd-557.) Photo P622-D-34136. 

8 .  Modified design. Photo PG22-D-63020 

MORROW POINT SPILLWAY STILLING BASIN 
AND POWERPLANT TAILRACE 

SUPPLEhlENTAL TESTS 
1:24 Scale Model 

Comparison of original and modified recommcnded designs 
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FIGURE 7 
R E P O R T  H Y D  -586  



R e p o r t  Nyd-586 

A.  p h o t o  P623-1)-6302i 

B. P h o t o  P622-D-E3028 

MORROW POINT SPILLWAY STILLING BASIN 
AF'i'; P O W E R P L A N T  TAILRACE 

SUPPLEMENTAL,  T E S T S  
1 2 4  S c a l e  Modcl  

P i e z o m e t e r  locat ion and i n s t r u m e n t a t i u n  f o r  i r r q u e n c y  a n a l y s e s  

20 



MORROW POINT SPIL.LWAY STILLING BASIN 
AND POWERPLANT TAILRACE 

SUPPLEIvIENTAL TESTS 
1 :24 Scale  Model 

O s c i l l o ~ ~ ~ a p h  and Frequency Analysis  Records 
Spillway Q = 34. 600 c l s  
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